Introduction
Uterine fibroids, which have an incidence rate of 20-25%, are the most common benign tumors in females (1) . The clinical manifestations of uterine fibroids mainly include menorrhagia, menostaxis, dysmenorrhea and anemia. Clinically, uterine fibroids are mainly treated with surgical therapy (hysterectomy and myomectomy) and hormone therapy (2, 3) ; however, the recurrence rate of uterine fibroids subsequent to these treatments is relatively high, and the trauma caused by these treatments can be extensive. Uterine artery embolization (UAE) is a minimally invasive procedure that offers an alternative to the traditional surgical removal of the uterine fibroids (4) . During the procedure, the blood supply of the fibroids is blocked, which leads to the shrinkage of the fibroids. UAE has been widely used in recent years for the treatment of uterine fibroids.
Insulin-like growth factor 1 (IGF-1) and vascular endothelial growth factor (VEGF) play important roles in the growth of uterine fibroids (5) . IGF-1, a tumor autocrine growth factor, is highly expressed in numerous types of tumor and has a key role in stimulating cell growth and proliferation (6) (7) (8) . VEGF is an important growth factor that stimulates the proliferation of vascular endothelial cells. It has been reported that VEGF promotes cell migration and proliferation by binding to the associated receptors (9) , thereby affecting angiogenesis (7) . Although uterine fibroids are benign tumors, angiogenesis is also critical for its occurrence and development. UAE treatment can induce ischemia and hypoxia of uterine fibroids by obstructing their blood supply (10) . It has been found that hypoxia-inducible factor-1α, an important factor regulating oxygen balance, can induce VEGF gene transcription and increase the stability of VEGF mRNA (11), thus elevating the expression level of VEGF and stimulating uterine fibroid angiogenesis.
It has yet to be elucidated whether IGF-1 and VEGF could be used as prognostic factors for patients with uterine fibroids following UAE treatment. In the present study, the serum levels of IGF-1 and VEGF prior to and following UAE treatment were measured, and the effects of IGF-1 and VEGF on progression-free survival were analyzed, in order to provide experimental evidence to enable the evaluation of the prognosis of uterine fibroid patients following UAE treatment.
IGF-1 and VEGF can be used as prognostic indicators for patients
with uterine fibroids treated with uterine artery embolization Compression symptoms, such as urinary frequency, urinary urgency and constipation, were found in 54 cases, and anemia was found in 39 cases. A total of 20 healthy individuals booked in for random health checks were additionally included in the study as a control group. The Karnofsky Performance Scale score of patients was evaluated following admission to the hospital (12). The patients were followed-up at 1 week and 3, 6 and 18 months after UAE treatment. The size of the fibroids and uterus were evaluated by ultrasound, computed tomography or magnetic resonance imaging examination. Progression-free survival referred to the period between the diagnosis of the tumor and the end of the follow-up in patients without recurrence and regeneration of fibroids. A total of 21 patients did not complete the study, as a result of being lost to follow-up at the time of last contact or prior to the study cut-off or due to succumbing to an unrelated cause. These cases were censored.
Prior written and informed consent was obtained from every patient, and the study was approved by the Ethics Review Board of the First Affiliated Hospital of Baotou Medical College.
Sample preparation. Peripheral blood (4 ml) was collected from cubital veins prior to UAE treatment and at 1 week and 3 and 6 months after UAE treatment. Serum was isolated by centrifugation at 1,411 x g for 15 min and then stored at -40˚C until further analysis.
UAE treatment. UAE treatment was performed by two physicians as previously described (13) . Briefly, catheterization was performed through the right femoral artery under local anesthesia (5 ml lidocaine hydrochloride; Tianjin Jin Yao Amino Acid Co., Ltd., Tianjin, China). Then, contralateral iliac artery angiography and uterine artery angiography was performed (Artis dTC Angiography; Siemens AG, Munich, Germany). Following the elimination of key branches of the uterine artery, the emulsified mixture of lipiodol (5 ml; Guerbet, Villepinte, France) and pingyangmycin (4 mg; Shanghai Yansheng Shiye Co., Ltd. Shanghai, China) was injected into the uterine artery. After the majority of the uterus was dyed and the blood flow reduced, gelatin sponge (10x2x2 mm) was used to embolize the uterine artery. The embolization was verified by angiography. The embolization of the ipsilateral uterine artery was performed accordingly.
ELISA. ELISA assay was performed using IGF-1 (YM-S2154) and VEGF165 (YM-10632) ELISA kits (Shanghai YuanMu Biological Technology Co., Ltd., Shanghai, China) according to the manufacturer's instructions. Briefly, serum was added to the pre-coated microplate and incubated at 4˚C overnight. The plate was then washed 5 times with phosphate-buffered saline and the detection antibody was added to the wells. Following incubation at room temperature for 1 h, the microplate was washed again, and horseradish peroxidase-conjugated antibody was added and incubated at room temperature for 30 min. All antibodies were from the IGF-1 and VEGF165 ELISA kits. After 30 min, the plate was re-washed 5 times, o-phenylenediamine (OPD) substrate solution was added and the plate was incubated at room temperature for a further 15 min. OPD was part of the IGF-1 and VEGF165 ELISA kits. Finally, stop solution was added to terminate color development and the plate was read at 450 nm on a microplate reader (SpectraMax M2; Molecular Devices LLC, Sunnyvale, CA, USA). The standard curve was generated using 2-fold serial dilutions of the standard samples. Levels of IGF-1 and VEGF were calculated according to the standard curve.
Statistical analysis. Results are expressed as the mean ± standard deviation. All statistical analyses were performed with SPSS version 17.0 for Windows (SPSS, Inc., Chicago, IL, USA). Comparisons between groups and analyses of paired data were conducted using the Student's t-test. Multiple-factor analysis was performed to analyze the association between levels of IGF-1 or VEGF and certain clinical characteristics, including adenomyosis and the age of the patients, as well as fibroid size, location and number. The Kaplan-Meier method was used to assess the progression-free survival of the patients. The differences in survival time were analyzed using a Log-Rank test. P<0.05 was considered to indicate a statistically significantly difference.
Results
General data of patients with uterine fibroids. The general data of the patients with uterine fibroids are shown in Table I . Among the 70 patients, 53 were unable or not willing to undergo surgery and 17 were patients who had recurrent uterine fibroids following surgical removal. There were 31 patients with a solitary fibroid and 39 with multiple fibroids. The fibroids were located as follows: 42, intramural; 17, submucosal; and 11, subserosal. Eight patients with uterine fibroids exhibited concurrent adenomyosis. In all 70 patients, the Karnofsky score was ≥90.
Serum levels of IGF-1 and VEGF prior to and following UAE treatment. To determine the levels of IGF-1 and VEGF in the serum, ELISA was performed prior to and following the UAE treatment. As shown in Table II , the serum levels of IGF-1 and VEGF in the UAE group prior to treatment were 134.5±45.1 and 144.0±56.6 pg/ml, respectively; these levels were significantly higher than those in the control group (122.1±46.4 pg/ml for IGF-1 and 77.9±34.8 pg/ml for VEGF) (P<0.05). At 1 week after UAE treatment, the serum levels of IGF-1 and VEGF in the patients of the UAE group were 70.2±20.4 and 86.2±33.3 pg/ml, respectively. Compared with the levels prior to UAE treatment, the serum levels of IGF-1 and VEGF at 1 week after UAE treatment were significantly lower (P<0.05). At 1 month after UAE treatment, the serum levels of IGF-1 (118.3±48.8 pg/ml) and VEGF (109.5±42.7 pg/ml) were significantly higher than those at 1 week after UAE treatment (P<0.05). Similarly, the serum levels of IGF-1 (131.3±43.1 pg/ml) and VEGF (136.7±52.6 pg/ml) at 3 months after UAE treatment were significantly higher than those at 1 week after UAE treatment (P<0.05).
Association between the serum levels of IGF-1 and VEGF and the clinical characteristics of patients with uterine fibroids.
To investigate the association between the serum levels of IGF-1 and VEGF at 1 week after UAE treatment and the clinical characteristics of the patients with uterine fibroids, multiple-factor analysis was performed. The analyzed clinical characteristics included the age of the patient, adenomyosis and the size, location and number of fibroids. As shown in Table III , the serum IGF-1 level at 1 week after UAE treatment significantly differed according to the clinical characteristics of adenomyosis and the size, location and number of fibroids (P<0.05). No significant difference was found in the serum IGF-1 level between different age groups (P>0.05). The serum VEGF level at 1 week after UAE treatment significantly differed according to the clinical characteristics of adenomyosis and the size and location of the fibroids (P<0.05). No significant differences in serum VEGF levels were found between patients with different numbers of fibroids or different ages (P>0.05). These results suggest that IGF-1 and VEGF may be used for predicting the prognosis of patients with uterine fibroids.
Effect of serum IGF-1 and VEGF levels on progression-free survival of patients with uterine fibroids. To investigate the effect of IGF-1 and VEGF serum levels on the prognosis of patients with uterine fibroids, the Kaplan-Meier method was performed to analyze the progression-free survival of the patients. The patients were followed-up for 18 months. Progression-free survival curves were constructed based on the serum levels of IGF-1 and VEGF at 1 week after UAE treatment (70.2 and 86.2 pg/ml, respectively) and are shown in Fig. 1 . A total of 37 patients had a serum IGF-1 level ≥70.2 pg/ml and 33 patients had a serum IGF-1 level <70.2 pg/ml. The progression-free survival of the patients with a serum IGF-1 level ≥70.2 pg/ml was 1.5 months, which was significantly shorter than that of patients with a serum IGF-1 level <70.2 pg/ml (3 months). The number of patients with serum VEGF levels ≥86.2 and <86.2 pg/ml was 29 and 41, respectively. The progression-free survival of patients with a serum VEGF level ≥86.2 pg/ml was 2 months, which was significantly shorter than that of patients with a serum IGF-1 level <86.2 pg/ml (4 months). These results indicate that patients with higher levels of IGF-1 and VEGF have a poorer prognosis than those with lower IGF-1 and VEGF levels.
Discussion
The main blood supply of uterine fibroids is from the uterine artery and its branches. UAE treatment can induce ischemia and atrophy of the uterine fibroids (14) and is less invasive than the traditional surgical approach. Furthermore, UAE treatment can successfully preserve the uterus and maintain its normal physiological functions (15, 16) . IGF-1 and VEGF are important factors involved in the growth of uterine fibroids (5) .
In the present study, the serum levels of IGF-1 and VEGF in the UAE group prior to UAE treatment were significantly higher than those in the control group. At 1 week after UAE treatment, the serum IGF-1 and VEGF levels in the UAE group were significantly decreased compared with those prior to UAE treatment; however, at 1 and 3 months after UAE treatment, the serum IGF-1 and VEGF levels were significantly increased compared with those at 1 week after UAE treatment. These results were consistent with the findings of a previous study by Ji et al (17) . The decrease in the serum level of IGF-1 at 1 week after UAE treatment may have been due to the temporary inhibition of IGF-1 expression. At 1 and 3 months after UAE treatment, the serum level of IGF-1 was increased. These results suggest that IGF-1 plays an important role in the growth of fibroids. The decrease in the serum level of VEGF following UAE treatment may have been due to the ischemia and hypoxia after the embolization. These findings therefore Figure 1 . Survival analysis of uterine fibroid patients with different levels of (A) IGF-1 and (B) VEGF in the serum. The median levels of IGF-1 and VEGF were 70.2 and 86.2 pg/ml, respectively. Patients were followed-up for 18 months. During the follow-up, 21 cases were censored. A Kaplan-Meier survival curve was generated, the differences in survival time were analyzed using the Log-Rank test. IGF-1, insulin-like growth factor 1; VEGF, vascular endothelial growth factor.
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indicate that IGF-I and VEGF can be used as indicators of prognosis following UAE treatment. This study further analyzed the association between serum levels of IGF-1 and VEGF and the clinical factors associated with the therapeutic effect of uterine fibroid treatment, including the size, location and number of uterine fibroids, as well as the age of the patient and the presence of adenomyosis. The serum levels of IGF-1 and VEGF were significantly different among patients with different sizes and locations of uterine fibroids, as well as between patients with and without adenomyosis. These data suggest that IGF-1 and VEGF have an important effect on the prognosis associated with uterine fibroids.
To further verify the association between serum IGF-1 and VEGF levels and the prognosis of patients with uterine fibroids, the progression-free survival of the patients was analyzed using the Kaplan-Meier method. The median levels of IGF-1 and VEGF were calculated according to the serum levels of IGF-1 and VEGF at 1 week after UAE treatment. Patients were divided into two groups according to whether their serum IGF-1 (or VEGF) level was higher or lower than the median level. The results showed that, at the end of follow-up, the progression-free survival of patients with serum levels of IGF-1 and VEGF lower than the median level was significantly enhanced. These data suggest that lower levels of IGF-1 and VEGF in the serum following UAE treatment indicate a good prognosis.
In conclusion, the serum levels of IGF-1 and VEGF exhibited significant changes prior to and following UAE treatment. Furthermore, the serum levels of IGF-1 and VEGF at 1 week after UAE treatment were significantly different among patients with different uterine fibroid-related clinical characteristics. Additionally, patients with lower levels of IGF-1 and VEGF in the serum following UAE treatment had significantly longer progression-free survival. Based on these results, IGF-1 and VEGF may be used as prognostic factors for evaluating the prognosis of patients with uterine fibroids following UAE treatment.
